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I n  t h i s  l e t t e r  we consider the exci ta t ion of atomic hydrogen 
i n  col l is ions with l i thium atoms according t o  reactions of the type 
i, 
! 
'If the l i thium atom remains i n  i t s  ground s t a t e  the Born cross 
section, Q(ls-n; 2s-2s) = C 
of the hydrogen atom t o  a s t a t e  w i t h  pr incipal  quantum number n 
Q (ls-n,&,m; 2s-2s), for exci ta t ion 
c, m 
while if the l i thium atom i s  excited t o  a s t a t e  y the  analogous Born 
cross-section i s  
* I -  
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where 
and, 
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Here JX (r)  and Q n t m ( ~ )  a re  eigenstates 
Y -  
corresponding eigenenergies E A and cn B . 
Y 
of l i thium and hydrogen w i t h  
The superscripts A and 13 
re fer  t o  lithium and hydrogen respectively and the energy of 
the incident hydrogen atom i s  23 v2 kev. 
t ion  r o r  czaltzt.tion of the hydrogen atom t o  a s t a t e  with pr incipal  
The t o t a l  Born cross sec- 
quantum number n i s  obtained by summing over all possible ;;rial -+t-af.F?s " _ _  
of lithium atom 
Q(ls-n; 2s-C) = C Q (Is-n; 2s-y) ... 
v 
I 
Since the integrands i n  (2) and (3) are  posit ive and since k 
is a minimum f o r  the Li(2s) fi(2s) t rans i t ion  we obtain an 
'@per bound, Q 
min 
U (Is-n; 2s-C), t o  Q(ls-n; 2s-C) by application of 
the closure re la t ion  [1,2] 
A 
C IFk 
Y 
( 2 ~ ,  y)  l 2  = 1 .... 
. 
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r Thus 
I .  
I Q(ls-n; 2s-C) 5 Q‘ (Is-n; 2s-2) 
I’ 
where 
! 
B The evaluation of c I F  (ls,n-tm) l 2  proceeds wit i iuut  diffici-aty 
1, 
k 
.e,m 
by a method analogous t o  t h a t  described by May [3]. We obtain 
- 3  - 
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A where z = nkao and a0 i s  the Bohr radius. Fk (2s,2s) was estimated 
by making use of the self-consistent f i e l d  wave function of Clementi 
e t  a1 [&I. 
I 
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The integrals  over k2 were evaluated numerically on the 
i Theoretical Division's IBM-7094. i 
t 
I 
i 
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u The computed values of Q( ls -n ;2~-2s)  and Q (ls-n;2s-C) are 
given i n  table 1 i n  un i t s  of nao2/n3. 
c lear  that  Q(ls-n;2~-2s) i s  a crude lower bound t o  Q(ls-n;2s-C). 
However, as may be seen from table  1, it does make a large contribution 
t o  the t o t a l  sum. 
From equation (6) it is  
I 
L 
i 
SLnce contributions from other s t a t e s  of 
l i thium are a l s o  expected t o  be s ignif icant  we are  l ed  t o  suspect 
\ 
t h a t  Q'(ls-u;2s-C) may be reasonably close t o  Q(ls-n;2s-C). This ! 
is p r t i c u l a r l y  t rue at high energies since the k2min of equation (3)  , 
goes, t o  zero as v'2[1J 
Finally, we note tha t  application of a simple hydrogenic wave 
function fo r  fi (2s) with an effective charge Z = (1.61% increased 
the tabulated r e su l t s  by about 20$. I ! 
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TABm 1 
n Q'( Is-n;2s-C) Q( ls-n;2s -2s ) Impact 
Energy 
nao2/n3 
4.94 
2.08 
1.17 
1.09 
kev 
2 2 
3 
8 
15 
9.68 
4. IJ. 
2.31 
2.16 
z . 6  
9.43 
7.67 
7.48 
29.9 
20.7 
16.2 
15.8 
2 
3 
8 
15 
10 
21.4 
16.2 
13.6 
13.3 
7-32 
6.15 
5.45 
5 -37 
25 2 
3 
8 
' 15 
13.2 
10.2 . 
8.65 
8.49 
3.99 
3.44 
3.10 
3.06 
2 
- 3  
50 
8 
15 
7.36 2.05 
.1.78 
1.61 
1.59 
2 
3 
8 
15 
100 
5.71 
4.86 
4.78 
3.89 
3.02 
2-57 
2.53 
1.03 
0.897 
0.815 
0.806 
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